The in vitro thymidine labelling indices (TLI) of 58 human lung tumours were assessed using autoradiography. The 
In any proliferating cell population S-phase cells can be radioactively labelled by brief exposure to tritiated (3H-methyl) thymidine ([3H] dT) which is incorporated into their duplicating DNA. The thymidine labelling index (TLI) of this population can then be measured using autoradiography as a means of assessing cell proliferation (Cleaver, 1967) .
The study of tumour cell proliferation is valuable since this gives some information on tumour growth rates; this is of particular interest in human lung neoplasia where a parallel study of actual tumour growth on chest X-ray films is possible (Kerr et al., in preparation) .
Tumour labelling with [3H]dT in vivo has both ethical and technical drawbacks (Tubiana & Malaise, 1976) and so an in vitro method was sought. Methods using cell suspensions prepared from solid tumours have been used (Coons et al., 1966; Livingston et al., 1974; Nordenskj6ld et al., 1974; Sklarew et al., 1977) . However, labelling small tissue fragments makes tumour cell identification easier, maintains intercellular relationships with the tissue and reduces the amount of tissue handling and trauma. Such a technique also allows thymidine labelling in other cell populations within a tumour (stromal cells, inflammatory infiltrate) to be examined.
There are problems in attempting to label cells in fragments of solid tumours in vitro, in particular failure to achieve S-phase cell labelling throughout the fragments used (Johnson & Bond, 1961; Wolberg & Brown, 1962; Titus & Shorter, 1965; Lieb & Lisco, 1966) . In this investigation involving a study of 58 human lung tumours we have used an D incubation technique involving simple hyperbaric oxygenation at a pressure of 3 atmospheres which has been claimed to give good labelling of breast tumour fragments to a depth of 500pm (Fabrikant et al., 1969; Meyer & Bauer, 1975) .
The TLIs obtained have been compared with the tumour cell type diagnosed using the modification of the Working Party on Lung Cancer (WP-L) of the WHO lung tumour classification (Matthews, 1976) .
Materials and methods Lung tumours
Fifty-eight human lung tumours (53 primary tumours and 5 secondary pulmonary deposits) removed at thoracotomy in the Thoracic Unit, City Hospital, Edinburgh were studied. A representative slice 2mm thick from the cut surface of the tumour was taken as soon as possible after surgical resection and transported to the laboratory in Eagle's MEM (Minimum Essential Medium, GibcoBiocult) in a sterile universal container at 40C on ice. A parallel representative slice was taken for histological examination.
Classification of lung tumours
The tumours were classified histologically using both the material taken for purely diagnostic purposes and the representative slice taken at the time of culture. The 4 major histological groups (squamous, large cell undifferentiated, small cell undifferentiated and adeno-carcinoma) were classified according to the criteria of the WP-L classification (Matthews, 1976) For the squamous carcinomata, the mean TLI is much lower in the well-differentiated category (5.9%) compared with the moderately well-differentiated and poorly-differentiated categories (14.5 and 13.0% respectively). The large cell undifferentiated group showing stratification has the highest mean TLI of all histological types in our series (21.0%), i.e. there is a difference of 15.1% between the extreme ends of the differentiation scale (P <0.001, Mann-Whitney U test).
The large cell undifferentiated series (which show no stratification) and small cell undifferentiated I :
Histological group Figure 2 [3H] dT labelling indices (TLI) for the different histological types of carcinoma of the bronchus (squamous carcinoma, large cell undifferentiated carcinoma, small cell undifferentiated carcinoma adenocarcinoma). The large cell undifferentiated group has been divided into these with stratification (+S) and those without (-S No apparent difference is noted between the differentiation categories of the adenocarcinomata. The series is small, but both the well-differentiated and poorly-differentiated categories show a fairly low mean TLI (5.2% and 7.9% respectively).
The less common histological lung tumour categories (carcinoids, adenoid cystic and mucoepidermoid carcinomata) of which all are low grade malignant tumours showed very low TLIs of <1.5%. Primary clear cell carcinoma is extremely rare and usually included in the large cell undifferentiated category (Matthews, 1976) ; however, the TLI (2.8%) was much lower than the values obtained in that group. Three secondary renal carcinomata also showed a low mean TLI value of 2.2% By contrast, 2 secondary undifferentiated tumours, both of which showed high TLIs (mean, 22.2%) originated from the same lobe of a male patient with a primary cancer of an as yet unknown site.
Mitotic index (MI) values
For a range of tumours the MI was assessed to ensure that a low TLI was not due to poor incubation conditions and consequent poor uptake of the [3H]dT into the fragment. The MI values were found to increase in proportion with an increase in TLI for the 28 cases assessed (Figure 3) . Muggia (1973) , Livingston et al. (1974) and Hainau et al. (1977) showed higher mean values for their small cell carcinomata than for their squamous carcinoma series. However, though Hainau et al. (1977) reported a mean of 11% for the small carcinomata, their cases ranged widely from 1.9% to 28.0%. Their low values may represent problems of technique or the occasional difficulties in differentiating between some carcinoid tumours and small cell carcinomata.
The discrepancy observed between a relatively low TLI and rapid in vivo growth is less of a paradox than it at first appears since many other factors besides tumour cell proliferation determine their actual growth rate.
Few primary adenocarcinomata were examined in this series and no difference was observed between the well-differentiated and poorly-differentiated categories. The low TLIs (5.2 and 7.9% respectively), are in-keeping with other published reports where Muggia (1973) , Livingston et al. (1974) and Hainau et al. (1977 showed means of 3.8, 3 .0 and 4.9% respectively; again previous authors do not distinguish between the differentiation categories of these tumours.
Although we have directly compared our results with these other reported series, the techniques involved differ in that Muggia (1973) and Straus & Moran (1977) used in vivo labelling Techniques, whereas Livingston et al. (1974) used an in vitro technique involving tumour cell suspensions prepared from biopsy specimens; Hainau et al. (1977) used small (1Omm3) tumour biopsies taken from lungs of patients who had undergone thoracotomy which were incubated with [3H]dT under conditions of 5% CO2 in air rather than hyperbaric oxygen. Our in vitro method involving a representative tumour slice from resection specimens, each of which was divided into small 1 mm3 fragments for in vitro labelling under hyperbaric conditions, overcomes sampling difficulties which arise when they are taken from the frequently necrotic surface as well as handling trauma to cells which occurs during preparation of disaggregated tumour cell suspensions. We believe the higher values for TLIs obtained in this study reflect an improvement in the method of assessing the TLI (vide infra).
The WP-L histological classification used, takes into account the degree of differentiation of the 2 main groups (squamous and adenocarcinoma) which have been shown to be related to prognosis (Matthews, 1976) . This grading of differentiation takes into account the tissue differentiation, i.e. the amount of squamous differentiation or of gland formation, and does not relate to cytological abnormality or mitotic activity.
We have also presented in this paper TLIs of a unique series of less common and low grade malignant tumours-carcinoids (4), adenoid cystic (1), mucoepidermoid (1) and primary clear cell carcinoma (1). These tumours all revealed low TLIs which correlate with their less aggressive clinical progression.
The mean value of 2.2% for the 3 secondary renal carcinomata is in-keeping with the low values obtained for primary well-differentiated adenocarcinomata. The 2 secondary lesions from the same lobe are of interest. Histologically they were identical and in addition both showed an intense inflammatory cell infiltrate. Independentlyestimated TLIs were closely correlated. In this study we also found that labelling of stromal cells and inflammatory cells varied greatly from tumour to tumour though values were low (< 3.5%); however, no correlation was found between the TLIs of these components with either the TLIs of tumour cells, or with the quantity of stromal element and chronic inflammatory infiltrate.
In vitro labelling of tumour fragments and counting of TLI In vitro [3H]dT labelling of tumour fragments is improved under conditions of hyperbaric oxygenation (Steel & Bensted, 1965; Fabrikant & Wisseman, 1968; Denekamp & Kallman, 1973; Meyer & Bauer, 1975) . The cells in tissue fragments must obtain oxygen by diffusion through the medium from the gas phase in order to survive and in particular for S-phase cells to utilise exogenous [3H]dT. Johnson & Bond (1961) stated that with pure oxygen at atmospheric pressure the depth at which the oxygen concentration reaches zero in human breast tissue is 230 pm. Thymidine utilisation will occur only up to a depth short of this zero point. The rationale behind using hyperbaric oxygen is therefore to increase the depth of [3H]dT utilisation and hopefully to overcome the problems experienced by Johnson & Bond (1961) and Lieb & Lisco (1966) where uptake of label was only found in the superficial cells of incubated tissue fragments. Fabrikant et al. (1969) claimed that maximal depth of labelling could be achieved using an oxygen pressure of 3 atmospheres; no improvement on labelling beyond 500,pm into the tissue could be obtained by raising the oxygen pressure above 3 atmospheres. Meyer & Connor (1977) Secondly, the choice of which areas to consider for counting TLI often seems quite arbitrary. Meyer & Connor (1977 ), Chavaudra et al. (1979 and others have commented that much of the current data available on in vitro human tumour [3H]dT labelling may underestimate tumour cell TLIs since areas deep in the fragments with suboptimal labelling are being counted. Hainau et al. (1977) would score tumour cells in a field where no labelled tumour cells were present if labelled stroma was seen, this being taken as evidence of adequate conditions for tumour cell labelling. What has been presented and discussed above suggests that this is not necessarily so. In our tumours with a low labelling frequency, knowing the depth to which labelling occurred we could assume adequate conditions for counting along the entire fragment edge even if the edge only contained one labelled cell; one cannot omit counting peripheral zones like these just because so few labelled cells are present as this would falsely raise the TLI.
In some of our cases we questioned whether a low TLI reflected technical difficulties involving uptake of [3H]dT. However, the MI values do not support this idea as the proportion of TLI:MI is fairly constant with low values of TLI having proportionally low values of MI. We feel our method of "tailoring" as far as practicable, the depth of our rim for counting from labelling patterns on histograms for each tumour and then counting all areas in that rim in each fragment edge considered, overcomes many of these doubts and gives optimum results for tumour cell TLI in the fragment areas counted.
Data on human tumour cell kinetics is of interest since it reflects one of the factors contributing directly to the growth of the neoplasm. Such data can be studied in conjunction with the in vivo growth of the tumour in the patient.
Comparisons such as these depend on the fact that the in vitro techniques of [3H]dT labelling are reproducible and adequately reflect the in vivo situation. Direct comparison of methodology has been made by Johnson & Bond (1961) and Denekamp & Kallman (1973) all of whom conclude that in vitro systems can and do reflect the in vivo state. This point is further discussed by Tubiana (1971) and Steel (1977) with similar conclusions. In particular, doubts may be raised concerning the effects of transporting tumour tissue at 4°C prior to incubation at 37°C. Several groups have investigated the effect of this cold shock with direct reference to [3H]dT labelling of tumours. Fabrikant et al. (1969) and Steel & Bensted (1965) both found that thymidine uptake was unchanged during storage of tissue at 4°C for up to 6 h, when compared with tissue processed immediately. Mayer & Bauer (1975) found that even storing tissue at room temperature for up to 135 min made no difference to labelling.
We hope it will also be possible, at a suitable point in the future to follow-up the 57 patients and determine whether the TLI has any relationship to clinical progress taking into account histological cell type and stage.
